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L t  i s  we11 known t%lat t h e  Kaztres-Fock method of deformed o r b i t a l s  
i s  l e s s  succesi;fiul fo r  nucle i  i n  t h e  upper h d f  of t he  2s-ld s h e l l  than 
for  those i n  t he  lower h a l f ,  O f  t h e  ~ u c l e i  n  t he  upper ha l f ,  $i28 and 
~ 3 *  have received perh%ps t h e  pea-kest  a t tent ion,  Certain fea tures  of 
t h e i r  spectra  motiv&te& Bm-Touv and Goswuimf t o  inves t iga te  t h e  possi-  
b i l i t y  of inver ted coexistennca i n  these  nuz l e i , ( l )  The r e s u l t s  of 
t h e i r  study inCEe8te Chat a more de;ta,iled Enve&xi.gation of t h i s  ques- 
t i o n  i s  wa;r~ranted I n  our 8tudy3 t he  ground s t a t e  i n t r i n s i c  wave- 
f'unctions f o r  and ~3~ are each assumed, t o  be a spherical, p lus  de- 
formed S l a t e r  deteminan-k;. Sta2es of good angu1w momentum a r e  obtain- 
ed by project ion,  Several. nuc lew proper t ies  such as r a d i i ,  t r ans i -  
t i o n  r a t e s ,  e lect ron sca t te r ing ,  fern factors ,  and nucleon s ca t t e r i ng  
cross sect ions  m e  caLcirlateiZ and compmed with experiment. 
The Hwtree-Fo& (HI?) method has c o n t ~ i b u t e d  grea t ly  t o  our under- 
standing of  t h e  und.erlying microscopic s t ruc ture  of  deformed nucle i ,  
St ructure  c%LEc&atione which make use of t he  ?IF method have been most 
promising i n  t h e  lower he l f  of t he  2-id she l l , (  b Ln t h i s  region, t h e  
N = Z open s h e l l  nuclei  ITe20 iind have received t h e  g rea tes t  a t t en-  
t i on ,  ProJected HI?? vme filnetfons have been used qu i t e  Buce s f i l l y  
t o  study many proper t ies  of these nuclei ,  as w e l l  as others.  p2! Un- 
for tunate ly  t h e  s t ruc ture  s tudies ,  as well  as i n e l a s t i c  sca t te r ing  
s tudies  i n  upper half sf the 2s-Ed s h e l l  have not mat with t h e  same 
degree of  success. I n  par t i cu la r ,  t h e  nuclei  ~ i * ~  and ~3~ have been 
s tudied ea%tens9vel.y and 8% is clew a t  t h i s  point  t h a t  t h e  simple 
(single-Slaker detminenQ p ic tu re  i s  inadequate f o r  these  nuclei .  
Recently Bar-Touv an4 Goswami investiga,ted t h e  p o s s i b i l i t y  of  
"inverted coexist  n ev' of spher ical  and deformed s t a t e s  i n  these  nucle i  
( a s  w e l l  as C12).r1y Their predic t ions  are based on t he  observation 
t h a t  closed subshell  nuclei  ( suc i~  as and s ~ ~ )  possess spherical. 
HP solut ions  in. addit ion to t h e  lower deformed soLutions which a r e  
usu%lly found, %he existence of such spherical. s t a t e s  i n  N = Z closed 
subshell  nucle i  manifests i t s e l f  i n  t h e  sppemmce of  an excited O+ 
s t a t e  embedded i n  the  ground s t a t e  ro ta t iona l  band. à7 his i s  re -  
fe r red  t o  a s  i n  e r ted  coexistence.) I n  Fig. 1 i s  shown pa r t  of t he  
spectrum of Si2'> demonstrating the type of energy l eve l  systematics 
suggested by Bar-Touv and Goswaani*for these nuclei. 
Their r e s u l t s  a r e  i n  excellent agreement with the  experimental spectra  
and r a t i o s  of E2 t r ans i t i on  ra tes .  Thusy it i s  indicated tha t  t he  idea 
of inverted coexistence f o r  these nuclei  i s  a va l id  one, and t h a t  a 
more de ta i led  invest igat ion of the  problem is  warranted. 
It i s  the  purpose of t h i s  paper t o  provide such an investigation.  
The ground s t a t e  i n t r i n s i c  wave functions for  the  nuclei  of i n t e r e s t  
a r e  assumed t o  be l i nea r  combinations of spher ical  and deformed S la t e r  
determinants. States  of  good angular momentum a re  obtained by the  
standard projection technique. R a d i i ,  E2 r a t e s ,  e l a s t i c  electron form 
fac tors  and nucleon sca t te r ing  cross sections a r e  calculated and com- 
pared with experiment. 
Theory 
The spher ical  and axially-symmetric (deformed) i n t r i n s i c  states 
are  obtained using t h  method. Physical s t a t e s  of i n t e r e s t  are ob- 
ta ined by pro jection. r3lfF All of t e calculations a r e  perfdrmed with P t he  Tabakin separable ( using bas i s  functions with har- 
monic o sc i l l a to r  r a d i a l  dependence and span the  Is, lp ,  2s-ld, 2p-lf, 
and 3s-2d-lg shel ls .  
The observables which w i l l  be studied ( B ( E ~ ) ,  nuclear radius,  
d(r/dn) a re  r e l a t ed  t o  the  reduced matrix elements of s ingle-par t ic le  
operators, i.e., operators of the  form 
Hence the nuclear matrix elements can be expressed i n  terms of s ing le  
p a r t i c l e  matrix elements: 
Here t he  labe ls  a and b r e f e r  t o  the  basis  f'unctions. The quanti- 
t i e s  S ( i f  lab) have been discussed i n  d e t a i l  elsewhere for  t he  case 
i n  whicfi(gje s t a t e s  i and f a re  obtained Prom single  S la te r  deter-  
minants. For t h e  case of i n t e r e s t  here, the  i n i t i a l  s t a t e  (ground 
s t a t e )  i s  a sum of spherical  and deformed s ta tes .  The spher ical  
s t a t e  i s  
where t he  o rb i t s  Q a re  spherical ,  The deformed s t a t e  i s  obtained 
using standard pro jkction techniques : . 
ifi i s  the i n t r i n s i c  deformed HI? determinant, So the  i n i t i a l  s t a t e  i s  
When the  f i n a l  nuclear s t a t e  i s  obtained from a s ingle  S la te r  deter-  
minant, it can be shown t h a t  
a sJ(isf  1 ab) + p SJ(iDf lab) 
sJ(i'f ab) = 
C 
where i S r e fe r  t o  the  spherical  and deformed components, 
respectively,  of he i n i t l a l  s ta te .  The denominator i n  Eq. (6)  re- : 
s u l t s  from the normaliz&ion of qge + If the  f i n a l  s t a t e  i s  a l so  
a l i n e a r  combination of two s t a t e s ,  then Eq, (6)  may be applied t o  
t he  components of t he  f i n a l  s t a t e 9  t o  construct the  S J f s e  Once 
t h e  S 's we obtained, reduced matrix elements may be calcula ted J 
using Eq* (2). 
RESULTS AND DISCUSSSON 
The deformed HF solutions fo r  both of t h e  nuclei  considered here 
correspond t a  obla te  i n t r i n s i c  shapes, However i n  t h e  case of 3 2 ~  t h e  
p ro la te  solut ion i s  almost degenerate with t h e  obla te ,  hence there  i s  
no a p r i o r i  reason f o r  disregarding such a solution.  
I n  t a b l e  I we compaxe t he  r e s u l t s  f o r  t h e  predic ted E2 rates 
and WS radii with experiment, For both nuclei ,  t h e  calculated RMS, 
radii axe excel lent  agreement with experiment, The purely deformed 
solut ions  over est imate t h e  E2 r a t e s  fo r  (0: - 2+) 9 which i s  very 
unusual. One generally expects t h a t  E2 r a t e s  w i h  be underestimated. 
When t h e  ground state wave function i s  assumed t o  be of  t he  inverted 
coexistence type suggested by Bax-Touv and Goswmi (E.c, ) it i s  seen 
t h a t  t h e  B(E~; 0: - 2+) r a t e s  a r e  brought i n t o  subs tan t ia l ly  b e t t e r  
agreement with experiment. However, examination of t h e  B(E~ 3 0: - 2')
axe seen t o  be badly underestimated This, of course, ind ica tes  t h a t  
t he  0: s t a t e s  are considerably more co l lec t ive  than one could obtain 
&om a pure y sphsr i  d s t a t e ,  This prompted us t o  consider t h e  0' 
s t a t e s  i n  2$i and 3g13 t o  a l so  be a l i n e a r  combination similar t o  f5); 
i.e., 
where a' and B '  w e  deteminad by t h e  condition t h a t  
and 
The r e s u l t s  obtained using (5) and (7) appear i n  t h e  row (I,c,)* of  
t a b l e  I. while t h e  B E21; o9 - 2') a r e  8lmost unaffected, t h e  t r a n s i -  I t i o n  r a t e s  from t h e  o2 t o  tBe 2' s t a t e  a r e  m o v e d  qu i t e  significant*. 
The i n e l a s t i c  sca t te r ing  o f  nucleons provides an addition& t e s t  
of  t h e  nuclear wave f i nc t i on  - pa r t i cu l a r l y  i n  t h e  region of  t he  nucleas 
surface. The r e s u l t s  of predic t ions  fo r  t h e  (0: - 2') i n e l a s t i c  
proton cross sect ions  appear i n  Pigs,  1 and 2 ,  (4 )  The ground state 
and exci ted state f o r  each nucleus are represented by Eqs. ( 5 )  and 
(4)  respect ively ,  The op t i ca l  model pa rme te r s  used i n  t h e  DWBA 
problem y i e l d  very good f i t s  t o  t he  elast ic scat ter ing;  t he  theoret -  
i ca l  r e s u l t s  have been mul t ip l ied by two i n  order t o  demonstrate 
t h a t  f o r  most of t he  angular range t h e  r e s u l t  i s  qu i te  good, How- 
ever, f o r  angles less than 40° t h e  d i s t r ibu t fons  break from t h e  
experimental shapes. The fact t h a t  t he  0: and other  low-lying levels 
are so strongly exci ted ind ica te  t h a t  a coupled channel study should 
be made f o r  these  nuclei.  
I n  Figs. ( 3 )  and (4)  we present t h e  elastic e lect ron sca t te r ing  
form fac tors ,  The theoretical.  r e s u l t s  we based on t he  solut ion of 
t he  Dirac equation 'n t he  Glauber approximation and was or ig ina l ly  
developed by I3aker. t~) The nucleax ground state i s  represented by 
( 5) a Based on these  r e su l t s ,  it would seem t h a t  t h e  nuclear i n t e r i o r  
i s  not w e l l  represented by our wave functions. On the  other  hand it 
may be  t h a t  t h e  d i f f i c u l t y  l ies  with t h e  treatment of t h e  s ca t t e r i ng  
problem. This question can only be answered by an exact phase s h i f t  
analys is ,  
Further study of  t he  s t ruc ture  of  these  nucle i  w i l l  require  
projected energy spectra ,  This i s  an extensive problem f o r  such a 
l a rge  ba s i s  (15 states), and i s  present ly  being undertaken. 
REFERENCES 
1. J. Bar-Touv and A. Groswami, Phys. Let ters  - 26B, 391 (1969). 
2 .  M. R .  Gunye, Nucl. Phys. A128, - 457 (1969). 
B. Giraud and P. U. Sauer, Phys. Le t te r s  - 30B, 218 (1969). 
M. R .  Gunye and C.  S. Warke, Phys. Rev. -9 156 1087 (1969). 
3 .  R. C. Braley and W. F. Ford, Phys. Rev. - 182, 1174 (1969). 
4. G. M. Crawley and G. T. Garvey, Phys. Rev. - 160, 981 (1967). 
5. A. Baker, Phys. Rev. 134B _' 252 (1964). 
YD. corresponds t o  the  purely deformed solution, 
I,C, re fers  t o  inverte  oexistence as  suggestedby 
Bar-Touv and G,oswmi. f !  
(1,~. )* re fers  t o  the model suggested by the present 
authors. 
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s~~ ELASTIC FORM FACTOR 
PROJECTED I% F., E = 262 MeV 
< R ~ > ' / ~  = 3.24 FM 
s i28  ELASTIC FORM FACTOR 
PROJECTED H. F., E = 240 MeV 
< R ~ > ' / ~  = 3.09 FM 
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